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PRECEDING BAG." ELhNK NOT FILMED. 

FOREWORD 

Th i s  r e p o r t  was prepared under G . O .  OS852 i n  

compliance w i t h  A r t i c l e  V I  and Paragraph  B 

of Con t rac t  NAS3-8521 f o r  t h e  N a t i o n a l  Aero- 

n a u t i c s  and Space Admin i s t r a t ion ,  Lewis 

Research  Cen te r ,  Cleveland, Ohio. The work 

w a s  conducted i n  t h e  Cbemical and Material 

Sc iences  Departlnent of  Rocketdyne ' s  Research  

D i v i s i o n ,  d u r i n g  t h e  per iod 20 June  1967 
through 19 September 1967. 

ABSTRACT 

S t u d i e s  of  a p r o t i c  e l e c t r o l y t e s  based on t h r e e  

s o l v e n t s :  p ropylene  carbonate ,  d imethyl  form- 

amide, and a c e t o n i t r i l e ,  were con t inued .  Charac te r -  

i z e d  components were used t o  p r e p a r e  t h e  e l e c t r o -  

l y t e  s o l u t  i o n s .  

S t r u c t u r a l  s t u d i e s  o f  e l e c t r o l y t e s  c o n t a i n i n g  

l i t h i u m  p e r c h l o r a t e ,  l i t h i u m  c h l o r i d e ,  aluminum 

c h l o r i d e ,  and c u p r i c  c h l o r i d e  were performed by 

n u c l e a r  magnetic resonance. 

The p h y s i c a l  p r o p e r t i e s  measured inc luded  

s o l v e n t  v i s c o s i t i e s ,  e l e c t r o l y t e  conductances  t o  

determine  i n d i v i d u a l  ion  m o b i l i t i e s ,  s o n i c  ve lo-  

c i t i e s ,  and t r a n s f e r e n c e  numbers. 
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SUMMARY 

P h y s i c a l  p r o p e r t i e s  and s t r u c t u r a l  s t u d i e s  were conducted i n  t h e  s o l v e n t s  

propylene  ca rbona te  (PC), d imethyl  formamide (DMF') and a c e t o n i t r i l e  (AN);  

t h e  wa te r  c o n t e n t  of t h e  solvents was i n  t h e  range  of 40 t20  ppm. The 

d i s t i l l e d  s o l v e n t  b a t c h e s  were analyzed by vapor-phase chromatography on  

a r o u t i n e  b a s i s .  

The C135 n u c l e a r  magnetic resonance (NMR) w a s  i n v e s t i g a t e d ,  and approxi -  

mate chemical s h i f t s  i n  l i t h i u m  p e r c h l o r a t e  s o l u t i o n s  were de te rmined .  

It was confirmed t h a t  C10 i o n s  e x i s t  i n  t h e s e  s o l u t i o n s .  Nuclear  mag- 

n e t i c  resonance  r e s u l t s  a l s o  revealed t h e  e x i s t e n c e  of t w o  aluminum s p e c i e s  

i n  A l C l  /AN s o l u t i o n s :  Al+++[ANI and A1C14 . The c o n c e n t r a t i o n  of t h e  

former s p e c i e s  decreased  upon a d d i t i o n  of LiC1.  A change w i t h  t ime  of 

t h e  H 

observed ,  and t h i s  phenomenon i s  be ing  i n v e s t i g a t e d  f u r t h e r .  

- 
4 

- 
3 n 

NMR spectrum of d imethyl  formamide s o l u t i o n s  c o n t a i n i n g  CuC12 w a s  1 

V i s c o s i t y  d a t a  f o r  t h e  s o l v e n t s  a r e  p re sen ted  f o r  25 and 60 C .  

were measured of e l e c t r o l y t e s  c o n t a i n i n g  tetrabutylammonium t e t r a p h e n y l -  

b o r i d e ,  and tetrabutylammonium bromide t o  de te rmine  i n d i v i d u a l  i o n  mobi l i -  

t i e s  i n  l i t h i u m  bromide and l i t h i u m  p e r c h l o r a t e  s o l u t i o n s .  A low m o b i l i t y  

of t h e  l i t h i u m  i o n  was found i n  a l l  c a s e s ,  t h u s  conf i rming  t r a n s f e r e n c e  

exper iments .  R e s u l t s  of I l i t t o r f  experiments w i t h  e l e c t r o l y t e s  c o n t a i n i n g  

0.7 M L i C l  + 1 M A l C l  

t e n t  w i t h .  t h e  NMR r e s u l t s ,  i . e o ,  w i t h  t h e  p re sence  of L i  , A l f t t ,  and A1C14 

i o n s .  

Conductances 

i n  propylene ca rbona te  and a c e t o n i t r i l e  a r e  cons i s -  
+ - 3 

Sonic  v e l o c i t i e s  of some e l e c t r o l y t e s  w e r e  de te rmined ,  and measurements 

o f  d i f f u s i o n  c o e f f i c i e n t s  and d i e l e c t r i c  c o n s t a n t s  were i n i t i a t e d .  



DESCRIITION OF PROGRESS 

l”ARATI0N OF ELECTROLYTES 

P u r i f i c a t i o n  of S o l v e n t s  

S o l v e n t s  w e r e  p u r i f i e d  by d i s t i l l a t i o n  and ana lyzed  as  d e s c r i b e d  p r e v i o u s l y  

(Ref. 1 through 4 ) .  

a n a l y t i c a l  procedure normally appl ied  were p re sen ted  i n  Ref.  3. The 

s o l v e n t  b a t c h e s  used d u r i n g  t h e  r e p o r t  pe r iod  are  l i s t e d  i n  Table  1. 

With one excep t ion ,  t h e  wa te r  conten t  of a l l  s o l v e n t  b a t c h e s  w a s  40 *20 

ppm, and no o r g a n i c  impur i ty  above t h i s  l e v e l  w a s  d e t e c t e d .  

Sumuaries of both t h e  d i s t i l l a t i o n  c o n d i t i o n s  and t h e  

At tempts  t o  reduce t h e  wa te r  con ten t  of DMF t o  40 k 2 0  ppm by d i s t i l l a t i o n  

were t e m p o r a r i l y  unsuccess fu l .  A s t e p  by s t e p  moni tor ing  of t h e  p u r i f i -  

c a t i o n  p r o c e s s  on t h e  sp inn ing  band column t h e r e f o r e  appeared a d v i s a b l e .  

The f o l l o w i n g  procedure t o  p u r i f y  a spec t rog rade  m a t e r i a l  w a s  employed: 

(1) a 700 cc  b a t c h  of r eagen t  grade  DME’ was d r i e d  by a l lowing  it t o  con- 

t a c t  molecular  s i e v e s  f o r  3 days ,  (2 )  a p r e l i m i n a r y  b a t c h  of DMF w a s  d i s -  

t i l l e d  t o  “wash” t h e  column, and (3) t h e  p r e d r i e d  DMF was d i s t i l l e d  from 

ground CaH a t  reduced p r e s s u r e .  The fo l lowing  r e s u l t s  were obta ined  by 

vapor-phase chromatographic  a n a l y s i s .  
2 

1. I n i t i a l  sample (DMF # 5 ,  spec t rograde  q u a l i t y ,  J .  T .  Baker ,  

220 ppm & 0 accord ing  t o  manufac tu re r ’ s  analysis)--690 ppm 2 
50, 98 ppm o r g a n i c s  

P r e d r i e d  sample--58 ppm R20, 32 ppm o r g a n i c s  

F i r s t  100 cc  of d i s t i l l a t e - - 2 5 0  ppm 50, 110 ppm o r g a n i c s  

Second 100 cc  of d i s t i l l a t e - - 1 4 3  ppm 5 0 ,  9 ppm o r g a n i c s  

Co l l ec t ed  b a t c h ,  400 c c ,  (DMF #5-2)--65 ppm €$O, no o r g a n i c s  

d e t e c t e d  

2 .  

3. 

4. 

5. 

3 



The r e s u l t s  appea r  t o  i n d i c a t e  t h a t  some wa te r  was in t roduced  i n t o  t h e  

s o l v e n t  dur ing  the  d i s t i l l a t i o n ,  because t h e  w a t e r  c o n t e n t  of the  p r e d r i e d  

s t a r t i n g  m a t e r i a l  was l e s s  t h a n  t h a t  of the d i s t i l l a t e s  o b t a i n e d .  For  t h i s  

r e a s o n ,  t h e  r e d i s t i l l a t i o n  of a p rev ious ly  p u r i f i e d ,  u n s a t i s f a c t o r y  b a t c h  

was subsequent ly  conducted a t  a tmospheric  p r e s s u r e  r a t h e r  t h a n  a t  reduced 

p r e s s u r e ,  and an accep tab le  product  (DMF #5-1) r e s u l t e d .  

CHAELACTERIZATION OF DISTILLED SOLVENT BATCHES 

So lven t  Code 

PC #2-6 
PC #!!-7 
pc wr-9 
PC #2-10 

PC #-11 

DMF #4-1 

DMF #5-1 
DMF #5-2 

AN #1-2 

AN #3-1 
AN #4-1 

H20 Content ,  
PPm 

35 
20 

20 

20 

32 

50 
52 

65 
40 

50 

48 

Organics ,  
P Pm 

None 

35 
20 

None 

None 

None 

26  

9 
None 

None 

None 

S y n t h e s i s  o f  Cupric  F l u o r i d e  

The f l u o r i n a t i o n  of copper  a r s e n i d e  (Cu A s )  was i n v e s t i g a t e d  i n  an e f f o r t  

t o  prepare  pure c u p r i c  f l u o r i d e .  Copper a r s e n i d e  was ob ta ined  i n  99.99 
p e r c e n t  q u a l i t y .  The r e a c t i o n  

3 

2 Cu A s  + 11 Fg+ 6 CuF2 + 2 A s F  5 (1) 3 

5' was expected t o  f u r n i s h  the d e s i r e d  CuF a f t e r  removal o f  t he  v o l a t i l e  A s F  2 

4 



Four d i r e c t  f l u o r i n a t i o n  a t t e m p t s  were made: 

and 250 C ,  and flow-by r e a c t i o n s  a t  ambient and 60 C .  I n  a l l  c a s e s ,  t h e  

Cu A s  appeared t o  have burned a t  a very h igh  l o c a l  tempera ture  caus ing  t h e  

copper  t o  form a molten g r a n u l e  o r  c l i n k e r  w i thou t  becoming comple te ly  

f l u o r i n a t e d .  

s t a t i c  r e a c t i o n s  a t  ambient 

3 

P r e p a r a t i o n  of Te t r a  bu t y  lammonium Te tr  apheny l b o r  i d  e ( TBA. TPB) 

Tetrabutylammonium t e t r a p h e n y l b o r i d e  w a s  p repared  by m e t a t h e s i s  o f  t e t r a -  

butylammonium bromide (TBA-Br #1, C o l u m b i a  Organic Chemicals Company, Inc .  , 
po la rograph ic  grade)  and  sodium t e t r a p h e n y l b o r i d e  (NaOTPB #1 Baker Adamson 

Labora tory  Chemical,  r e a g e n t  grade)  acco rd ing  t o  a procedure  g i v e n  i n  Ref. 

5. S o l u t i o n s  o f  TBA*Br and  Na'TPB in  c o n d u c t i v i t y  water were prepared  

(0.1 mole i n  500 cc) .  

a fine f i l t e r  i n t o  t h e  TBA'Br s o l u t i o n .  

f i l t e r e d  and  dried. 

a c e t o n e  and d r i e d  under vacuum a t  room tempera ture  f o r  6 days.  

r i a l  w a s  subsequently r e c r y s t a l l i z e d  and d r i e d  under vacuum a t  50 C f o r  

2 days .  

The s o l u t i o n  of Na'TPB w a s  a l lowed t o  d r i p  th rough  

The bulky  whi te  p r e c i p i t a t e  w a s  

The material was r e c r y s t a l l i z e d  th ree  t i m e s  f rom 

This mate- 

It w a s  g iven  t h e  d e s i g n a t i o n  TBA'TPB #l. 

Tetrabutylammonium Bromide (TEA-Br) 

Po la rograph ic  grade  tetrabutylammonium bromide (Columbia Organic Chemicals 

Company, I n c . ) ,  TRA-Br #1, was used f o r  de t e rmina t ion  of t h e  e q u i v a l e n t  

conductance a t  i n f i n i t e  d i l u t i o n ,  Ao.  
was n o t  analyzed because i m p u r i t i e s  p o s s i b l y  p r e s e n t  a t  lsoderate concen- 

t r a t i o n s  would have n e g l i g i b l e  e f f e c t s  i n  these  d i l u t e  s o l u t i o n s  used f o r  

de t e rmin ing  A. v a l u e s .  

This  chemical ,  a s  w e l l  a s  TBA-TPB, 

Tetramethylammonium F l u o r i d e  (TMA*F) 

TMA-F #2 (Ald r i ch  Chemical Company, I n c . )  w a s  used f o r  a d e t e r m i n a t i o n  of 

the s o n i c  v e l o c i t y  of a TMA*F/PC e l e c t r o l y t e .  

been  c h a r a c t e r i z e d .  

T h i s  chemica l  h a s  n o t  yet 

5 



NUCLEAR MAGNETIC RESONANCE STRUCTURAL STUDLES 

L i C l O  i n  Propylene Carbonate ,  Dimethyl 

Formamide and A c e t o n i t r i l e  
4 

The C135 resonance was i n v e s t i g a t e d  us ing  a b r o a d l i n e  spec t romete r  and a 

magnet ic  f i e l d  of 10 Kgauss i n :  

1 M LiC104 #2/PC #2-7 
1 M LiC104 #2/DMF #3-3 
1 M LiC104 #/AN #4-1 

A l l  t h r e e  l i n e s  e x h i b i t  v i r t u a l l y  i d e n t i c a l  c h a r a c t e r i s t i c s .  They a r e  

narrow (1 M LiC104/PC was p rev ious ly  r e p o r t e d  i n  Ref .  4) and have a chemical  

s h i f t  r e l a t i v e  t o  t h e  c h l o r i d e  ion  i n  a 3 M LiCl/%O r e f e r e n c e  of approxi-  

mate ly  1000 ppm. C a l i b r a t i o n s  a r e  i n  p r o g r e s s  t o  de te rmine  t h e  magnitude 

of t h i s  s h i f t  more a c c u r a t e l y .  

The narrow l i n e  shows t h a t  t h e  C135 s i t e  has  a t  l e a s t  t e t r a h e d r a l  symmetry. 

Furthermore,  t h e  chemical  s h i f t  of t h e  C 1 0 4  

i o n  i n  concent ra ted  HC1 i s  r e p o r t e d  i n  Ref .  6 a s  970 ppm. Thus, b o t h  t h e  

l i n e  c h a r a c t e r i s t i c s  and t h e  chemical  s h i f t  g i v e  evidence of t h e  presence  

of t h e  expected C104 

- 
i o n  r e l a t i v e  t o  t h e  c h l o r i d e  

- 
i o n  i n  a l l  of t h e s e  specimens 

AlC1,  and L i C l  i n  A c e t o n i t r i l e  

The A127 l i n e  h a s  been i n v e s t i g a t e d  us ing  a b r o a d l i n e  NMH. spec t romete r  a t  

a magnet ic  f i e l d  of 7.17 Kgauss i n  1 M A l C l  

d i f f e r e n t  c o n c e n t r a t i o n s  of L i C l #  and LiC104 #2. 

i n i t i a l l y  i n  specimens conta ined  i n  screw-top t u b e s .  However, wh i t e  p r e c i p i -  

t a t e s  formed i n  some of t h e  specimens,  a p p a r e n t l y  because of screw-top s e a l  

#3/AN#4-1 s o l u t i o n s  c o n t a i n i n g  3 
Measurements were made 

6 



' Ibreathingl ' ,  t h u s  making t h e  r e s u l t s  q u e s t i o n a b l e .  New specimens were 

prepared and t h e  t o p  of t h e  tube  was s e a l e d  by f u s i n g  the  g l a s s .  No pre- 

c i p i t a t , e s  have formed i n  these specimens. It  had been p rev ious ly  r e p o r t e d  

(Ref .  4) t h a t  t h e r e  were two aluminum s p e c i e s  found i n  1 M A l C l  /AN and 

t h a t  the a d d i t i o n  of LiCl t o  t h e  poin t  of s a t u r a t i o n  removed t h e  coordi-  

n a t i n g  s p e c i e s .  I t  i s  hypothesized t h a t  the  fo l lowing  ' ' reaction' '  o c c u r s  

i n  1 M A1C13/AN: 

3 

- 
[ANIn + 3 A1C14  

+++ 4 A1C13 + n AN + 4 1  

where [AN], r e p r e s e n t s  t h e  n a c e t o n i t r i l e  molecules  coord ina ted  by t h e  

A l + + +  i o n  ( A 1 C l 4  may o r  may n o t  be s o l v a t e d ) .  

upon t h e  f a c t  t h a t  b o t h  A127 l i n e s  are q u i t e  narrow r e q u i r i n g  h i g h  symmetry 

( a t  l e a s t  t e t r a h e d r a l )  i n  t h e  environment of  t h e  aluminum s i t e  i n  bo th  A1 

c o n t a i n i n g  s p e c i e s ,  and t h a t  t h e  approximate r e l a t i v e  popu la t ion  a s  taken  

from the  maximum of t h e  recorded s p e c t r a  ( F i g .  l a )  i s  t h r e e  t o  one. 

Furthermore,  t h e  removal o f  the coord ina t ing  s p e c i e s  by the a d d i t i o n  of 

LiCl  t o  1 M A l C l  can be expla ined  i f  t h e  c h l o r i d e  i o n s ,  in t roduced  by 

t h e  LiC1, i n t e r a c t  w i t h  t h e  A l + + +  t o  f o r m  more A l C 1 4  . 
which could be hypothes ized  because i t  produces h i g h l y  symmetric s p e c i e s  

i s :  

- 
T h i s  hypo thes i s  i s  based 

- 3 
Another " r e a c t i o n "  

+++ 
2 A l C l  + n AN + A 1  3 

--- 
[AN], + A1C16 

However, 

shown by the A127 s p e c t r a .  

2 ,  t h e  A12' spectrum was taken  f o r  s e v e r a l  LiCl c o n c e n t r a t i o n s .  

a r e  shown i n  F i g .  1. Using t h e  maximum d e r i v a t i v e  a s  a measure o f  t h e  l i n e  

i n t e n s i t y ,  the  r a t i o  of t h e  l i n e  i n t e n s i t y  f r o m  t h e  coord ina t ing  s p e c i e s  t o  

t h e  t o t a l  i n t e n s i t y  from both  s p e c i e s  i s  p l o t t e d  i n  F i g .  2 a s  a f u n c t i o n  of 

t h e  LiCl  c o n c e n t r a t i o n .  The s o l i d  l i n e  r e p r e s e n t s  t h e  t h e o r e t i c a l  r a t i o  of  

t h e  r a t i o  of s p e c i e s  i n  t h i s  c a s e  i s  one t o  one which i s  n o t  t h a t  

A s  a f u r t h e r  check on the  v a l i d i t y  o f  r e a c t i o n  

The r e s u l t s  
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THE R E L A T I V E  P O P U L A T I O N  WAS DETERMINED 
FROM THE PEAKS OF THE D E R I V A T I V E  CURVES 
OF T H E  SPECTRA SHOWN I N  FIG. 1 I 

0 

MOLES OF L i C l  

Figure 2. Approximate Relative Population of Coordinating A1 Species 
in 1 M AlCl /AN as a Function of Added LiC1. 
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coord ina t ing  s p e c i e s  t o  t o t a l  s p e c i e s  a s  based upon t h e  r e a c t i o n  

X - + - n AN + (1 - AI+++  AN]^ (4) +++ + X  
4 4 x LiCl  + A 1  [AN], + x L i  + - A1C14 4 

- 
i . e . ,  LiCl i n t e r a c t s  t o  form A1C14 i o n s .  

s p e c i e s  i s  somewhat g r e a t e r  t han  t h a t  of t h e  noncoordina t ing  s p e c i e s  s o  t h a t  

u s i n g  t h e  maxima of t h e  recorded  s p e c t r a  t o  de te rmine  popu la t ion  r a t i o  should 

r e s u l t  i n  a n  unde res t ima te  of  t h e  r e l a t i v e  c o o r d i n a t i n g  s p e c i e s  popu la t ion  

and t h e  da ta  p o i n t s  should f a l l  somewhat below t h e  t h e o r e t i c a l  l i n e .  The 

agreement of t h e  d a t a  p o i n t s  w i t h  t h e  t h e o r e t i c a l  curve i s  q u i t e  good, and 

s u b s t a n t i a t e s  r e a c t i o n  4.  

The l i n e  wid th  of t h e  c o o r d i n a t i n g  

On t h e  b a s i s  of t h e s e  r e s u l t s ,  ano the r  experiment  w a s  conducted.  A s  d i s -  

cussed  p rev ious ly ,  when LiC104 i s  d i s s o l v e d  i n  a c e t o n i t r i l e  C 1 0 4  

Two specimens were p repa red  w i t h  L i C l O  r a t h e r  t h a n  L i C 1 .  It  was thought  

t h a t  because no C1- i o n s  were formed and because  C 1 0  

e r t  i o n ,  t h a t  t h e  p o p u l a t i o n  of t h e  c o o r d i n a t i n g  s p e c i e s  would n o t  b e  r e -  

duced showing t h e  importance of t h e  C 1 -  i n  t h e  d e p l e t i o n  of t h e  c o o r d i n a t i n g  

s p e c i e s .  The A127 l i n e  i s  shown i n  F i g .  3 f o r  0.5 M L iC104  #2 + 1 M A l C l  #3/ 
AN #4-1 and 1 M LiC104 #2 + 1 M A l C l  3 
t o  expec ta t ion ,  t h e s e  s p e c t r a  a r e  d i f f e r e n t  f rom t h e  A127 s p e c t r a  of 1 M 

A l C l  #3/AN #4-1 shown i n  F ig .  3a. A l s o ,  t h e  H resonance  i n d i c a t e s  t h a t  

t h e  popula t ion  o f  t h e  c o o r d i n a t i n g  s p e c i e s  i s  dec reased  by t h e  a d d i t i o n  of 

L iC104 .  Thus, a d d i t i o n  o f  L i C 1 0 4  t o  1 M A l C l  /AN has  a similar e f f e c t  as 

L i C l  b u t  L i C l O  i s  n o t  as effectiv.e. Whereas 0 .9  M L i C l  reduces  t h e  popula- 

t i o n  o f  the c o o r d i n a t i n g  s p e c i e s  t o  t h e  p o i n t  where i t  cannot  be observed ,  

1 M L i C l O  reduces  t h e  popu la t ion  approximate ly  t h e  same e x t e n t  as 0 . 5  M 

LiC1. These r e s u l t s  are t e n t a t i v e l y  exp la ined  on t h e  b a s i s  of t h e  forma- 

t i o n  of A1(C104)4 o r  A1(C104)6 s p e c i e s .  The C 1 0 4  i on  i s  n o t  g e n e r a l l y  

cons idered  t o  be a complexing s p e c i e s ;  i n  t h e s e  s o l u t i o n s ,  however, i t  does 

appea r  t o  complex, though much less  e f f e c t i v e l y  than  t h e  C 1 -  i o n .  Thus, i n  t h e  

- 
i s  p r e s e n t .  

- 4 
i s  a r e l a t i v e l y  in -  4 

3 
#3/AN #4-1. As  can  be  s e e n ,  c o n t r a r y  

1 
3 

3 
4 

4 

- --- - 
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1 M L iC104  + 1 M A1Clj/.4N system, t h e r e  would be t h r e e  aluminum-containing 

spec ies :  A l + + +  [AN],, A 1 C 1 4  , and Al(C104)4 ( o r  A1(C104)6---). I t  was 
- - 

expected t h a t  t h r e e  A 1  l i n e s  would r e s u l t  b u t  t h i s  was n o t  observed.  T h i s  

could be explained i f  t h e  d i f f e r e n c e  of t h e  chemical s h i f t  of t h e  A127 l i n e  

i n  t h e  a n i o n i c  s p e c i e s  i s  s o  smal l  t h a t  s e p a r a t e  l i n e s  could n o t  be r e s o l v e d .  

However, u n l e s s  more informat ion  i s  o b t a i n e d ,  t h i s  exp lana t ion  must remain 

s p e c u l a t i v e  . 

CuC1, and L i C l  i n  Dimethyl Formamide - 

Because of some unexpected f i n d i n g s ,  t h e  proton l i n e  i n  t h e  CuC12 + LiCl/DM.F 

system h a s  been s t u d i e d  e x t e n s i v e l y  d u r i n g  t h i s  r e p o r t  per iod  u s i n g  t h e  h i g h  

r e s o l u t i o n  spec t rometer .  

por ted  (Ref .  4)  a s  observed s h o r t l y  a f t e r  t h e  specimen was prepared .  

experiment  was planned wherein L i C l  would be added t o  t h e  1 M CuCl /DMF 

system t o  determine whether  t h e  popula t ion  of s p e c i e s  would be changed a s  

i n  t h e  LiCl + A l C l  /AN and LiCl f A l C l  /PC systems. 

o r i g i n a l  1 M CuCl 

w i t h  t h a t  t o  be ob ta ined  from several specimens c o n t a i n i n g  LiC1. The 

spectrum obtained w a s ,  however, comple te ly  d i f f e r e n t  from t h e  o r i g i n a l  

spectrum. Whereas t h e  o r i g i n a l  spec t rum c o n s i s t e d  of two very broad  peaks 

( r e f e r  t o  Ref .  4 ,  F ig .  3 ) ,  t h e  new spectrum as shown i n  F ig .  4 i s  very 

s i m i l a r  t o  t h a t  ob ta ined  from pure DMF ( r e f e r  t o  Ref .  4 ,  F ig .  6 )  excep t  

t h a t  t h e  l i n e s  a r e  somewhat broadened,  and t h e r e  a r e  small downfield 

s h i f t e d  peaks s i m i l a r  t o  those  found when A l C l  

the  s h i f t s  observed i n  t h e  1 M CuC12/DMF a r e  cons ide rab ly  l a r g e r ) .  

over  an extended per iod  of t ime (approximate ly  4 months) t h e  s p e c i e s  p r e s e n t  

i n  t h i s  specimen had appa ren t ly  changed. 

1 The H spectrum of  1 M CuC12 #2/DMF #3-3 was re- 

An 

2 

A spec t rum from t h e  
3 3 

1/2/DMl? 1f3-3 was recorded  as a r e f e r e n c e  f o r  comparison 2 

i s  d i s s o l v e d  i n  DMF (however, 3 
Thus, 

New specimens were prepared t o  v e r i f y  t h i s  change. 

DMF #5-2 t h e  spectrum was v i r t u a l l y  i d e n t i c a l  t o  t h a t  found i n  t he  f i r s t  

I n  t h e  new 1 M CuC12 #2/ 
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1 M CuC12 #/DMF k3-3, namely, two ve ry  broad peaks (,one small  and one 

l a r g e ) .  

L i C l  #2 + 1 M CuC12 #2/DMF f i5-2,  1 M L i C l  #2 + 1 M CuC12 #2/DMF #5-2 and 

2 M LiCl k 2  t 1 M CuC12 if2/DMF #5-2 shown i n  F i g .  5 through 8 a r e  a l l  

s i m i l a r  except  t h a t  a s  t h e  concen t r a t ion  of LiCl i s  i n c r e a s e d ,  t h e  s h i f t  

of t h e  smal l  peak from t h e  l a r g e  peak dec reases  and t h e  l i n e  wid th  de- 

c r e a s e s .  

t o  f o l l o w  any changes.  Fo r  example, t h e  s p e c t r a  obta ined  from t h e s e  spec i -  

mens 1 month a f t e r  p r e p a r a t i o n  a r e  shown i n  F i g .  9 through 12. Thus f a r ,  

t h e  s h i f t  of t h e  downfield peak i n  every  specimen excep t  t h e  2 M L iCl  + 
1 M C u C l  /DMF specimen has  been d e c r e a s i n g .  

specimen, t,he s h i f t  h a s  remained c o n s t a n t .  These l a t e r  s p e c t r a  a l s o  show 

t h e  appearance of a d d i t i o n a l  smal l  peaks .  The s h i f t  of t h e s e  peaks i s  a l s o  

being det,ermined. 

d a t e , i s  p resented  i n  F i g .  13 .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  f a c t  t h a t  t h e  

s h i f t s  i n  1 M CuCl /'DMF, 0 .5  M L i C l  + 1 M CuC12/DMF, and 1 M LiCl + 1 M 

CuCl,/DMF a r e  approaching t h a t  of t h e  2 M CuCl /DMF specimen. 

The s p e c t r a  f rom f r e s h l y  prepared 1 M CuC12 #2/DMF #5-2, 0 . 5  M 

The s p e c t r a  from t h e s e  specimens a r e  now be ing  recorded  f r e q u e n t l y  

I n  t,he 2 M L i C l  + 1 M CuC12/DMF 2 

A p l o t  of t h e  major  peak s h i f t s  a s  a f u n c t i o n  o f  t i m e ,  t o  

2. 

2.  2 
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. .  

Magnetic F i e l d  Increases 
From Left to Right 

Figure 5 .  Proton Spectrum in  1 M CuCl&MF, 
Freshly Prepared Specimen 



Magnetic F i e l d  Increases 
From Left t o  Right 

Figure 6 .  Proton Spectrum i n  0.5 M LiCl + 1 M CuC12/DMF, 
Freshly Prepared Specimen 
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Magnetic F i e l d  Increases 
From Left t o  Right 

Figure 7 .  Proton Spectrum in  1 M L i C l  + 1 M CuCl2/DME', 
Freshly Prepared Specimen 
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Magnetic F i e l d  Increases 
From Left  t o  Right 

Figure 8 .  Proton Spectrum in  2 M L i C l  + 1 M CuC12/DMF, 
Freshly Prepared Specimen 
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Magnetic F i e l d  Increases 
From Lef t  t o  Right 

Figure 9.  Proton Spectrum i n  1 M CuC12/DMF, 1 Month 
After Preparation 



Magnetic Field Increases 
From Lef t  to Right 

Figure 10. Praton Spectrum in 0 .5  M LiCl + 1 M CuC12/DMF, 
1 Month After Preparation 
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J 

Magnetic Field Increases 
From Left to Right  

Figure 11. Proton Spectrum in 1 M LiCl + 1 M CuC12/DMF, 
1 Month After Preparation 

21 



J 

Magnetic F i e l d  Increases 
From Left to Right 

Figure 12, Proton Spectrum in 2 M LiCl + 1 M CuC12/DMF, 
1 Month After Preparation 
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PHYSICAL PROP~TY DGTERMINATIONS 

So lvent 

PC #2-6 

Viscosity Measurements 

Temperature , C Density , gm/cc Vi scosi ty , mi 1 li poi s e 

25 1.203 24.8* 

Viscosity measurements on pure solvents were extended to 60 C as required 
f o r  the interpretation of  conductance data. 

25 C values, are presented in Table 2. 
The results, along with the 

PC #2-7 

DMF #4-1 
DMF #5-1 

AN #1-2 
AN #7-1 

Solubility Measurements 

60 1.161 13.3 

25 0.944 7.93* 
60 0.910 5.35 

25 0.777 3.36* 
60 0.737 2.63 

The solubility of LiCl in 1 M LiC104/PC #-lo + 1000 ppm H 0 was determined 
as 0.07lM by chloride ibn titration. 

2 

TABLE 2 

VISCOSITIES OF SOLVENTS AT 25 and 60 C 

*Ref. 3 
*Ref. 2 
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Conductance Measurements 

The conductance measurements made dur ing  t h i s  r e p o r t  p e r i o d  a r e  p re sen ted  

i n  Tab les  3 th rough 10 and  i n  F i g .  14 th rough 21.  

The e q u i v a l e n t  (molar) conductance va lues  a t  i n f i n i t e  d i l u t i o n ,  h 
s o l u t i o n s  c o n t a i n i n g  tetrabutylammonium t e t r a p h e n y l b o r i d e  (TEA-TPB) a r e  

o f  i n t e r e s t ,  because t h e  an ion  and the  c a t i o n  o f  t h i s  compound have e q u a l  

m o b i l i t i e s .  Th i s  has  been assumed by Fuoss and Hi r sch  (Ref.  7 ) ,  and t h e y  

used t h i s  compound t o  de te rmine  t h e  molar conductances of i n d i v i d u a l  i o n s  

i n  propylene  ca rbona te .  

of 
0' 

-1 2 
The p r e s e n t l y  determined A. v a l u e  (Fig.  14) of  17.2 ohm-'equ cm a t  

25 C compares r easonab ly  w e l l  w i t h  t h e i r  A, v a l u e  of 17.144 k0.012 which 

was ob ta ined  by a more s o p h i s t i c a t e d  e x t r a p o l a t i o n  pracedure  (Ref.  7 ) .  

Prue  and S h e r r i n g t o n  (Ref.  8) based t h e i r  de t e rmina t ion  of i n d i v i d u a l  i o n  

m o b i l i t i e s  i n  d imethyl  formamide on the  

t r i p h e n y l b o r o f l u o r i d e ,  a s  suggested by Fowler and Kraus (Ref .  9 ) .  
va lue  f o r  t h e  molar  conductance of the tetrabutylammonium ion  ( A  
ohm- equ 

use  of TBA-TPB ( s e e  below). 

s m a l l e r  t han  t h e  t e t r a p h e n y l b o r i d e  anion,  t h e  somewhat h i g h e r  v a l u e  obta ined  

by P rue  and S h e r r i n g t o n  can be expla ined .  Fuoss and H i r s c h  b e l i e v e  t h a t  t h e  

requi rement  of e q u a l  s i z e  of an ion  and c a t i o n  i s  much more approximated i n  

tetrabutylammonium t e t r a p h e n y l b o r i d e  than  i n  tetrabutylammonium t r i p h e n y l -  

borof  l u o r i d e .  

A. v a l u e  f o r  tetrabutylammonium 

T h e i r  
+ 

= 26.2 

= 25.5 determined by 
0 1 -1 2 + cm ) compares w i t h  t h e  p re sen t  v a l u e  o f  A 

0 

Because t h e  t r i pheny lboro f  l u o r i d e  an ion  i s  

The e q u i v a l e n t  conductances at i n f i n i t e  d i l u t i o n  c a l c u l a t e d  f o r  i n d i v i d u a l  

i o n s  from the preceding  d a t a  a r e  l i s t e d  i n  Table  11 f o r  propylene ca rbona te ,  

i n  Table  12 f o r  d imethyl  formamide, and i n  Table  13 f o r  a c e t o n i t r i l e .  The 

v a l u e s  &)r compounds from which the  va lues  f o r  i n d i v i d u a l  i o n s  were c a l c u l a t e d  

25 
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CONCENTRAT I ON ( C )  , MOLAR 

0.0004 0.0016 0.0036 

27 
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CONCENTRATION ($1, MOLAR"* 

0.06 

Figure 14. Equivalent Conductance of !L'BA.TPB 
in PC at 25 and 60 C 
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C O N C E N T R A T I O N  ( C ) ,  M O L A R  
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Figure 15. Equivalent Conductance o f  TBA-TPB 
i n  DMF a t  25 and 60 C 
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TABLE”, 11 

EQUIVALENT CONDUCTANCE AT I N F I N I T E  DILUTION (4) FOR SEVERAL 

SOLUTES AND INDIVIDUAL I O N S  I N  PROPYLENE CARBONATE 

Solute  

TBA. T P B  

TBA+ 

TPB- 

T B A - B  

Br- 
L i B r  

L i +  

LiC104 

c104 
- 

L i C l  

A0 

-1 -1 2 ohm equ cm 

17.2 
17.144 ko .o 12  

(Ref .  7) 

27.5 

26.2 

25.6 

26.2 
(Ref .  3) 

33.9 
(Ref .  3) 

36 a t  25.5 k0.5 C 
(Ref. 10) 

-1 -1 2 
h n  equ cm 

8.6 
8.57 

(Ref .  7) 
8.6 
8.57 

(Ref.  7) 

18.9 

7 .3  

18.3 

18.9 

60 C 

bo 9 

jhm-lequ -1 cm 2 

30.0 

47.3 

44.8 

4 3 . 1  

44.9 
(Ref .  3) 

57.6 

15.0 

15.0 

32.3 

12.5 

30.6 

32.4 
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TABU 12 

EQUIVALENT CONDUCTANCE AT INFINITE DILUTION (4) FOR SEVERAL 

SOLUTES AND INDIVIDUAL IONS I N  DIMETHYL FaRMAMIDE 
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TABLF: 13 

EQUIVALENT CONDUCTANCE AT INFINITE DILUTION (Ao) FOR S-L 

SOLUTES AND INDIVIDUAL I O N S  I N  ACETONITRILE 

Solute 

TBA * TPB 

TBA+ 

TPB- 

TBA B r  

Br-  

L i B r  

L i +  

LiC104 

c lo, 

T M  - PF6 

25 C 

A 

ohm equ cm 

0' 

-1 -1 2 

119.6 
119.60 

( R e f .  11) 

161.6 

127.2 

172 
183.25 

(Re€. 12) 

A +  o r  Ao-, 

ohm equ cm 

0 

-1 -1 2 

q9.8 

59.8 

10 .8 

25.4 
77.25 

(Ref. 12) 

147 
106 

(Ref. 13) 

402 
(Ref. 3) 

44 

60 c 

!I 
0' 

-1 -1 2 ohm equ cm 

154.6 

207.8 

163.8 

220 

50 3 
(Ref. 3 )  

A +  o r  A -  
0 0 

-1 -1 2 ohm equ cm 

77.3 

77.3 

130.7 

33.3 
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a r e  a l s o  l i s t e d .  Values  f o r  t h e  tetramethylammonium i o n  and  t h e  hexaf luoro-  

phosphate  i o n  cannot  be  g iven  y e t ,  because an  a p p r o p r i a t e  l i n k ,  e . g . ,  da t a  

on LiPF6, TMA.C104 ,  o r  TMA-Br, i s  miss ing .  

The most s i g n i f i c a n t  r e s u l t  i s  t h e  low m o b i l i t y  of t h e  l i t h i u m  i o n  i n  a l l  

t h r e e  s o l v e n t s .  From t h e  preceding  r e s u l t s ,  t r a n s f e r e n c e  numbers f o r  t h e  

Li  i o n  i n  L i C l O  s o l u t i o n s  can be c a l c u l a t e d ,  t = 0 . 2 8  and 0 . 2 9  i n  propy- 

l e n e  ca rbona te  a t  25 and 60 C ,  r e s p e c t i v e l y ;  t+ = 0 . 2 2  i n  d imethyl  formamide 

a t  25  and 60 C ;  and  t+ = 0.15 i n  a c e t a n i t r i l e  a t  25 and 60 C .  

ob ta ined  f o r  1 molar s o l u t i o n s  by H i t t o r f  exper iments  a t  room t empera ture  a r e  

t 
(Ref .  4 ) ;  and t 

If it i s  cons ide red  t h a t  r e l a t i v e l y  l a rge  exper imenta l  u n c e r t a i n t i e s  a r e  

invo lved  i n  t h e  H i t t o r f  exper iments ,  a t  l e a s t  t h e  v a l u e s  f o r  propylene 

c a r b o n a t e  and d imethyl  formamide a r e  i n  good agreement w i t h  t h e  ones c a l -  

c u l a t e d  a t  i n f i n i t e  d i l u t i o n .  The d e v i a t i o n  of t h e  two v a l u e s  i s  somewhat 

l a r g e r  i n  t h e  c a s e  of a c e n t o n i t r i l e .  A h i g h e r  i o n i c  conductance has  been 

g iven  i n  t h e  l i t e r a t u r e  [Ao+ = 7 7 . 2 5  ohm equ cm (Ref .  12)]. T h i s  v a l u e  

i s  based  on t h e  i o n i c  conductance of  the  p e r c h l o r a t e  i o n ,  Ao- = 106, a s  

g iven  i n  an  e a r l y  paper  by Lange (Ref .  13). 
f o r  t h e  l i t h i u m  i o n  i n  h i s  l i s t ;  h i s  value f o r  t h e  potass ium i o n  i n  ace to-  

n i t r i l e  i s  A +  = 77,  and t h e  corresponding v a l u e  f o r  l i t h i u m  may v e r y  w e l l  

be  lower .  A p o s s i b l e  cause  f o r  t h e  d i s c r e p a n c i e s  may c o n s i s t  i n  a s i g n i f i -  

c a n t  d i f f e r e n c e  of t h e  wa te r  c o n t e n t  of t h e  s o l v e n t s  used  f o r  t h e  s t u d i e s .  

+ 
4 + 

The v a l u e s  

. 

= 0 . 1 9  i n  propylene  ca rbona te  ( R e f .  4 ) ;  t = 0 . 2 5  i n  d imethyl  formamide 
i- + 

= 0 . 3 2  i n  a c e t o n i t r i l e  (p re sen ted  l a t e r  i n  t h i s  r e p o r t ) .  
3- 

-1 -1 2 

Lange does n o t  i n c l u d e  a v a l u e  

0 

The Walden product, (Ao-7?) was c a l c u l a t e d  f o r  some sal ts  and  i o n s ;  t h e  v a l u e s  

a re  l i s t e d  i n  Table 14.  The Walden product i s  approx ima te ly  i d e n t i c a l  f o r  

TEbI-TPB i n  a l l  t h r e e  s o l v e n t s .  Th i s  i s  c o n s i s t e n t  w i t h  t h e  assumption t h a t  

t h e  i o n s  of t h i s  s a l t  a r e  unso lva ted .  The bromide i o n  and t h e  l i t h i u m  i o n  

appea r  t o  be  s o l v a t e d  t o  a g r e a t e r  e x t e n t  i n  a c e t o n i t r i l e  t han  i n  t h e  o t h e r  

s o l v e n t s ,  whereas t h e  p e r c h l o r a t e  i o n  does n o t  show s i g n i f i c a n t  d i f f e r e n c e s .  

A more d e t a i l e d  e v a l u a t i o n  w i l l  be given when t h e  d a t a  are more complete .  
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TABLE 14 

WALDEN PRODUCT (h . r ] )  FOR SEVERAL SOLUTES 
0 

AND I O N S  I N  PC, DMF, AND AN 

S o l u t e  

TBA * TPB 

T M ’ B r  

Br- 

L i  + 

- c lo4 

S o l v e n t  

PC 

DMF 

AN 

PC 

DMF 

AN 

PC 

DMJ? 

AN 

PC 

DMF 

AN 

PC 

DMF 

AN 

- 

T ,  
C 

25 
60 
25 
60 
25 

25 
60 
25 
60 

25 
60 
25 
60 

25 
60 
25 
60 
25 
60 

25 
60 

25 
60 
25 
60 
25 
60 
25 
60 

- 

60 

- 

7’ 
mi 1 l i p o i  se  

24.8 
13.32 
7.93 
5.35 
3.36 
2.63 

24.8 
13.32 
7.93 
5.35 
3.36 
2.63 

24.8 
13.32 
7.93 
5.35 
3.36 
2.63 

24.8 
13.32 
7.93 
5.35 
3.36 
2.63 

24.8 
13.32 
7.93 
5.35 
3.36 
2.63 

A 

ohm equ c m  

0 ’  

-1 -1 2 

17.2 
30.0 
51 .o 
72.6 

119.6 
154.6 
27.5 
47.3 
87 .O 

122.4 

161.6 
207.8 

18.9 
32.3 
61.5 
86.1 

101.8 
130.5 

7 .3  
12.5 
17.6 
24.9 
25.4 
33.3 
18.3 
30.6 
62.8 
86.7 

147.0 
187 .O 

A o r ]  

427 
400 

404 
388 
402 
407 
682 
6 30 
690 
655 
54 3 
547 
469 
4 30 
488 
46 1 

342 
34 3 
18 1 
167 
140 
133 
85 
88 

4 54 
408 

498 
4 64 
494 
4 92 

0 
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Trans fe rence  Experiments 

So l v e n t  

The H i t t o r f  c e l l s  and t h e  procedure used i n  t h e s e  experiments were d e s c r i b e d  

p r e v i o u s l y  (Ref. 3). 

To t a  1 
Charge, 

coulombs 

The r e s u l t s  ob ta ined  wi th  a 1 M LiC104/AN e l e c t r o l y t e  a r e  summarized i n  

Table  15- A t r a n s f e r e n c e  number of t = 0.38  was c a l c u l a t e d  from t h e  l o s s  

of  l i t h i u m  i n  t h e  a n o l y t e .  Assuming no d e p o s i t i o n  of l i t h i u m  a t  t h e  ca thode ,  

t h e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of the l i t h i u m  i n  t h e  c a t h o l y t e  cor responds  

t o  t+ = 0.26. The ave rage  v a l u e  of t = 0 .32  i s  s e l e c t e d  a s  t h e  f i n a l  v a l u e .  

+ 

+ 

Loss of L i  
i n  Anoly te ,  

moles 

TABLE 15 

HITTORF EXPERIMENTS WITH 1 M LiC104/AN 

+ t 
(From 

Anoly te  
Data) 

1 M LiC104 #2 

Gain 
of L i  i n  

Ca t h o l y t e ,  
moles 

t+ 
(From 

Ca t h o  lytc 
Data) 

AN *li/ 370 9.91 0 .26  

*Determined c o n c e n t r a t i o n  o f  a n o l y t e  a t  conc lus ion  of experiment:  0 . 9 5 1  M 
“Determined c o n c e n t r a t i o n  of c a t h o l y t e  a t  conc lus ion  of  experiment:  1.035 M 

Two H i t t o r f  experiments were performed w i t h  1 M A l C l  

r e s u l t s  a r e  summarized i n  Table 16. 

o n l y  q u a l i t a t i v e  o r  s e m i q u a n t i t a t i v e  because more than  one A 1  s p e c i e s  prob- 

a b l y  e x i s t s .  

d u r i n g  t h e  exper iment ;  l i t h i u m  migra ted  away from t h e  anode. 

+ 0.7  M LiCl/PC; t h e  3 
The i n t e r p r e t a t i o n  of t h e  r e s u l t s  i s  

Aluminum was found t o  accumulate i n  t h e  anode compartment 

The r e s u l t s  
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- 
are consistent with the quantitative formation of AlCl 
introduced by the LiCl with' some positive A1 species remaining, resulting 
in an electrolyte composition of 

from C1- ions 4 

0.7 M Li' + 0.925 M A1C14 - + 0.075 M Alff+/PC 

or 

- 
0.7 M Li+ + 0.85 M A1C14 + 0.15 M A1C12+/PC 

The former is consistent with NMR results previously reported (Ref. 4). 
Two A127 species are formed in 1 M AlCl /PC, and addition of LiCl to the 
solution converted one of these species to'the other. 

to be A1C14 

A1 containing species of a 1 M AlCl solution to AlCl 

LiCl + 1 M AlCl /PC most of the A1 species are expected to be converted to 
A1C14 

3 
Assuming the species 

- +++ and complexed A1 , it would require 1 M LiCl to convert all 
- 

Thus in 0.7 M 4 '  3 
3 - 

but there should be some complexed A1 species remaining. 

Results similar to these were obtained with a 1 M AlCl 
electrolyte; they are also presented in Table 16. 

+ 0.7 M LiCl/AN 
3 

Sonic Velocity Determination 

One method o f  determining the primary solvation number for electrolytes 

requires a knowledge of compressibility values in the pure solvent and the 

electrolyte solutions. The compressibilities are obtained by measuring 

the speed o f  sound in the liquids o f  interest and then using the following 

relationship 

1 Ps = - 
P C2 
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where 

ps = a d i a b a t i c  c o m p r e s s i b i l i t y  

p = d e n s i t y  

C = s o n i c  v e l o c i t y  

The appa ra tus  i l l u s t r a t e d  i n  F i g .  22 i s  be ing  used  t o  measure t h e  v e l o c i t y  

of sound in  v a r i o u s  nonaqueous s o l u t i o n s  of i n t e r e s t .  

ment c o n s i s t s  of a Spe r ry  type  UR Ref l ec toscobe ,  a T e k t r o n i x  model 53% 
o s c i l l o s c o p e ,  and a 5 MHz l i t h i u m  s u l p h a t e  u l t r a s o n i c  t r a n s d u c e r .  The 

Ref lec toscope  g e n e r a t e s  a 5 MHz pulse-modulated rad io- f requency  s i g n a l  

which i s  fed s imul t aneous ly  t o  t h e  t r a n s d u c e r  and t h e  o s c i l l o s c o p e .  

sound waves, emanating from t h e  t r a n s d u c e r ,  t r a v e l  th rough a known d i s t a n c e  

of l i q u i d  t o  t h e  bottom o f  t h e  c e l l  a t  which p o i n t  t h e y  a r e  r e f l e c t e d  back 

t o  t h e  t r a n s d u c e r .  The i n i $ i a l  and r e f l e c t e d  waves a r e  d i s p l a y e d  on t h e  

o s c i l l o s c o p e ,  t h u s  a l l o w i n g  measurement of t ime  r e q u i r e d  f o r  t h e  u l t r a s o n i c  

waves t o  t r a v e r s e  t h e  known d i s t a n c e  of t e s t  f l u i d .  

The e l e c t r o n i c  equip- 

The 

The d i s t a n c e  between t h e  t r a n s d u c e r  f a c e  and t h e  bot tom of t h e  c e l l  was 

determined by c a l i b r a t i o n  of t h e  a p p a r a t u s  a t  25 C u s i n g  d i s t i l l e d  wa te r  

as  a 6tandar.d (Ref.  1 4 ) .  

t h e  c e l l  was a l lowed t o  r each  thermal  e q u i l i b r i u m  i n  a m i n e r a l  o i l  b a t h  

which w a s  t he rmos ta t ed  a t  25 t O . O 1  C .  The e s t i m a t e d  accu racy  of t h e  v a l u e s  

determined i s  0 . 2  p e r c e n t .  

During t h e  c a l i b r a t i o n  runs  and subsequent  runs ,  

Sonic  v e l o c i t y  measurements a t  25 C were conducted i n  pure PC and t h r e e  

s o l u t i o n s .  The r e s u l t s ,  of t h e s e  measurements a r e  p r e s e n t e d  i n  Table  17, 
An i n t e r p r e t a t i o n  of t h e  r e s u l t s  w i l l  be made a f t e r  more d a t a  have been 

c o l l e c t e d .  

Measurements of D i f f u s i o n  C o e f f i c i e n t s  

The method d e s c r i b e d  by Wall (Ref.  15  through 17) i s  b e i n g  i n v e s t i g a t e d .  

It invo lves  measurement of t h e  weight  change of a suspended d i s k  a s  a 
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fu i lc t ion  of t ime .  Disks  recommended by Val1 have been o b t a i n e d  and a r e  

be ing  c a l i b r a t e d .  

TABLE 17 

VELOCITY OF SOUND I N  PROPYLENE CARBOWTE ELECTROLYTES 

S o l u t e  

None 

1.0 M LiC104 #2 

0 . 1 2 5  M TMA’PFG #1 

0.0227 M TMA-F #2 

Solven t  

PC #2-11 

PC #2-11 

PC #2-11 

PC #2-11 

~ ~~ 

Sonic V e l o c i t y ,  
m/sec a t  25 C 

1440 

148 1 

1438 

1443 

An a t t e m p t  i s  be ing  made t o  de te rmine  d i f f u s i o n  c o e f f i c i e n t s  of c a t h o d i c a l l y  

a c t i v e  s p e c i e s  i n  s o l u t i o n  by chronopotent iomet ry .  I n  a 1 M L i C l O  + 0.0014 

M CuC12/PC e l e c t r o l y t e ,  a c o r r e l a t i o n  between t r a n s i t i o n  t i m e s  and t h e  p re s -  

ence of copper s p e c i e s  could  n o t  be  made. It i s  in t ended  t o  s tudy  n e x t  a 

LiCl/DMF e l e c t r o l y t e  c o n t a i n i n g  v a r i o u s  amounts o f  C u C l  

4 

2 ’  

Measurement o f  Vapor P r e s s u r e  

A gas - sa tu ra t ion  method was i n v e s t i g a t e d  t o  measure vapor  p r e s s u r e s .  N i t r o -  

gen was bubbled through a wash-bot t le  c o n t a i n i n g  DMJ?, and t h e  s o l v e n t  was 

condensed i n  a l i q u i d  n i t r o g e n  t r a p .  So lven t  co r re spond ing  t o  on ly  30 per-  

c e n t  o f  t h e  vapor  p r e s s u r e  of DMF was r ecove red .  An improved s a t u r a t o r  i s  

be ing  designed.  

Measurement o €  D i e l e c t r i c  Cons tan t s  

The microwave method used  ( a t  approx ima te ly  10 and  25 GHz) i s  based  on 

measurement o f  s t a n d i n g  wave p o s i t i o n  and  ampl i tude .  T h i s  wave r e s u l t s  



from i n t e r f e r e n c e  of a r e f e r e n c e  wave and t h e  wave t r a v e l i n g  through t h e  

sample. 

C a l c u l a t i o n s  have been c a r r i e d  ou t  t o  r e l a t e  t h e  measured q u a n t i t i e s  t o  t h e  

d i e l e c t r i c  c o n s t a n t  K ( K  = K'  - i K " ,  where ,K' i s  t h e  d i s p e r s i v e  p a r t  and k "  

t h e  a b s o r p t i v e  p a r t ) .  Graphs of amplitude v s  phase w i t h  K'  and K" as param- 

e t e r s  have been computed f o r  70 > K '  > 40, 40 > K" > 20 a t  a f r equency  o f  

8.490 GHz. 

A d d i t o n a l  computation w i l l  be needed t o  ex tend  t h e  range t o  lower K'  and K" 

v a l u e s .  

For t h e  10 GHz s e t u p ,  a n  E-H t e e  i s  used t o  s p l i t  t h e  wave i n t o  r e f e r e n c e  

and sample waves. 

a f e r r i t e  i s o l a t o r  and a phase s h i f t e r ,  t h e  coup l ing  i n i t i a l l y  n o t i c e d  

between t h e  r e f e r e n c e  and sample arm has been reduced.  The i s o l a t o r  i s  

employed t o  a t t e n u a t e  t o  a l a r g e  e x t e n t  t h e  wave r e f l e c t e d  from t h e  sample 

c e l l .  Measurements have shown no s i g n i f i c a n t  coup l ing  between t h e  t w o  arms 

The d i e l e c t r i c  c o n s t a n t  ( K ' )  of water could be ob ta ined  t o  approx ima te ly  a 

3 p e r c e n t  accu racy ;  t h e  a b s o r p t i v e  p a r t ,  however, appea r s  t o  be  20 p e r c e n t  

low. 

T h i s  a p p a r a t u s  h a s  been p a r t i a l l y  checked o u t .  Using 

Work i s  i n  p r o g r e s s  t o  d e c r e a s e  t h e  e r r o r  i n  K " .  
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WORK PLANNED FOR NEXT QUARTER 

PREPARATION OF ELECTROLYTES 

Work on this task will continue. 

and CuF will be characterized. 

Further solutes such a s  BF3, PF5, T M A e F ,  

2 

STRUCTURAL STUDIES 

Work on the LiCl + CuC12 system will continue. 
investigation o f  the H1 NMR spectra and an initiation o f  the investigation 

o f  EPR spectra. Low 

teaperature H1 spectra from LiCl + AlCl /AN will be investigated. 
surement o f  the chemical shift of C135 and Li7 in electrolytes containing 
LiClO and LiCl will continue. 

This will include continued 

The Cu6’ resonance will be also studied if possible. 
The mea- 3 

4 

PHYSICAL PROPERTY DETERMINATIONS 

Determinations of physical properties will continue. Individual ion mobil- 
ities of some additional ions will be determined. Sonic velocity measure- 

ments will be extended to electrolytes based on DMF and AN. Initiated work 
on measurement of diffusion coefficients, heats o f  solution, and dielectric 

constants will be pursued further. 
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